Introduction: Two types of Japanese encephalitis (JE) vaccines, inactivated JE vaccine (JE-I) and liveattenuated JE vaccine (JE-L), are available and used in China. In particular, one JE-L, produced by a domestic manufacturer in China, was prequalified by WHO in 2013. We assessed the safety of JE vaccines in China during 2008-2013 using the Chinese National Adverse Events Following Immunization Information System (CNAEFIS) data.
Introduction
Japanese encephalitis (JE) is a mosquito-borne acute viral infection of the central nervous system caused by a flavivirus [1] . JE is the most important cause of vaccine-preventable viral encephalitis in nearly all Asian countries, whether temperate, subtropical, or tropical, and has expanded into new areas through the importation of infected-mosquito vectors. Currently, an estimated 3 billion people living in 24 countries, mainly in the South-East Asia and Western Pacific Regions are considered at risk of JE [2] . The inactivated JE vaccine (JE-I) was developed in China and has been used since the 1970s and live-attenuated vaccine (JE-L) was in the beginning of the 1990s [1] . Since 2007, JE vaccines were included into the Expanded Program on Immunization (EPI) in the mainland of China [1] . With the decline of number of JE disease in China, the public became more concern about the adverse events following JE vaccination currently. The safety of JE vaccines manufactured in China and abroad was evaluated in previous clinical and post-marketing studies [3] [4] [5] [6] [7] . The vaccine safety review of JE vaccines by World Health organization (WHO) were found to have acceptable safety profiles, and data from multiple studies (including multicenter randomized controlled trail and randomized trials) had shown the same conclusion [2, [8] [9] . However, The JE vaccine used in China were mainly produced by domestic manufacturers, and a JE-L product was prequalified by WHO in 2013, which was the first Chinese-produced vaccine to be prequalified by WHO. Limited data are available on the safety of JE after its inclusion into the Chinese EPI and consequently its large-scale use. Concurrently with the inclusion of JE vaccines into EPI, the Chinese national adverse event following immunization (AEFI) information system (CNAEFIS), a passive post-marketing vaccine safety surveillance system, was also expanded to cover the entire country after a 3-year pilot study [10, 11] . With 6 years of information collection, there were valuable AEFI data in the CNAEFIS which could provide some evidence for evaluation of vaccine safety in China. Also, using the passive surveillance data, the disproportionality analysis, which was first used in signal detection of drug safety, could also be necessary to generate signals, especially when the causality of the specific events and vaccination has not been well known. We conducted a study to analyze AEFI data for both JE-I and JE-L vaccines in CNAEFIS from 2008 to 2013 to understand and compare the vaccine safety profiles of these 2 vaccines.
Methods

Vaccination schedules of JE vaccines in China [10]
In the mainland of China, both JE-I and JE-L have been included in National Immunization Program (NIP) vaccinations since 2007. For JE-L, a 2-dose schedule is used: at 8 and 24 months of age, with at least 3 months' interval. For JE-I, a 4-dose schedule is used (2 doses at 8 months with at least 7-10 day intervals, and subsequent doses at 2 and 6 years of age).
Vaccination doses of JE vaccines
All the vaccines should be used in Vaccination clinics, which was approved by local government and supervised by local Center for diseases control and prevention (CDC). Vaccination doctors or nurses collected information of vaccination doses and reported to the county CDCs monthly. The county CDCs report the data to municipal CDCs who report to provincial CDCs. China CDC collects administered vaccination data from all provincial CDCs [3, 13] .
Before 2010, only doses of vaccines provided by the government for free were reported. Therefore, complete data on all JE vaccination doses given during 2008-2009 are not available. Since 2010, however, the vaccination information system collected all vaccination doses administered in the vaccination clinics, enabling the analysis of the reporting rates. As the denominator information only included the number of vaccine doses, without information on age or sex, the rates of AEFI for specific population groups by age or gender could not be calculated.
CNAEFIS
The online CNAEFIS is administered by the Chinese Center for Disease Control and Prevention (CCDC). After two pilot studies, it was expanded to cover all 31 provinces in the mainland of China in 2008 [10] . The pilot studies included a passive surveillance system for AEFI in 10 provinces and an enhanced AEFI surveillance system in 5 counties. CNAEFIS is operated in accordance with China's national AEFI guidelines [12] . According to this guidance, CNAEFIS became the official AEFI information system and was to be owned and maintained by China CDC [10] .
An AEFI case is defined as a reaction or an event occurring after vaccine administration that is suspected to be related to the vaccination. AEFI surveillance and reporting covers all vaccines marketed in the mainland of China [10] . [10] [11] [12] [13] Healthcare facilities, vaccination clinics, Centers for Disease Control and Prevention (CDCs) at all 4 administrative levels, adverse drug reaction monitoring agencies (ADRs), and vaccine manufacturers are required by law to report suspected AEFIs. The public or the guardian (parents) can notify any of the above authorized reporters to report an AEFI. Cases are investigated by local, county-level CDCs, which are responsible for completing AEFI Case Reporting Cards and submitting the data to online CNAEFIS. Once the information is entered, it can be viewed by all administrative levels of CDCs and ADRs. Based on the address, name and birthday of the child, vaccines, and vaccination dates, duplicate reports are identified and potential multiple reports are combined into one case.
Reporting and Investigation
Investigation is required for all AEFIs, except common adverse reactions with a clear diagnosis (e.g., fever; redness, swelling, and induration on the injection site). For deaths, serious AEFIs, AEFI clusters, and AEFIs of significant public concern that are suspected to be related to vaccination, prefectural or provincial CDCs must immediately organize an AEFI expert panel for investigation upon receiving CNAEFIS reports.
Serious and non-serious AEFIs [13]
Serious AEFI is defined as an event that is causing a potential risk to the health/life of a recipient leading to prolonged hospitalization, disability/incapacity, congenital abnormalities/ birth defects or death. In CNAEFIS, it include, but are not limited to, allergic shock, allergic laryngeal edema, allergic purpura, thrombocytopenic purpura, localized allergic necrotic reaction (Arthus reaction), febrile convulsion, epilepsy, brachial neuritis, polyneuritis, Guillain-Barre syndrome, encephalopathy, encephalitis and meningitis, syncope, toxic shock syndrome, and systemic purulent infection.
Data analysis
We analyzed AEFI reports submitted during 2008-2013, for subjects vaccinated with JE-L or JE-I. In CNAEFIS, a maximum 3 suspected vaccines can be reported at the same time in a single report. JE vaccines listed as the first, second, or third suspected vaccine were all included. When more than one symptom was reported for a case, only the main symptom or the most serious diagnosis was recorded in CNAEFIS.
The age and sex distribution and clinical diagnoses were described, and crude AEFI reporting rates per million doses given were calculated. Since there is no information on whether the vaccines were NIP vaccine or not in AEFI cases, the incidence of NIP vaccine or voluntary vaccination could not be estimated during the study year.
We used disproportionality analysis of data mining algorithms to compare the frequency of reports for JE-L and JE-I to detect any signal of disproportionate reporting (SDR) [14] . Disproportionality analysis identifies AEFIs that were more frequent than expected and relies on the principle that when a SDR is identified for a specific vaccine, this event (or diagnosis) is reported relatively more frequently in association with this specific vaccine than all the other vaccine in the database. Three disproportionality analysis methods were applied: the proportional reporting ratio (PRR) [15] [16] , Bayesian confidence propagation neural network (BCPNN) [17] , and empirical Bayesian (EB) data mining [18] [19] [20] . Disproportionality analysis were based on a 2*2 contingency table similar to a case-control study or cohort study [21] . Calculations were performed using R (version i386 3.2.3), and the PhViD package were used in analysis.
Since disproportionality analysis required "vaccine and diagnosis" as a pair, cases without confirmed clinical diagnosis were excluded. For the cases in which diagnosis included common minor adverse reactions, with a mix of symptoms such as fever, local redness, local swelling, and other minor local or systemic symptoms, "common reaction" was used as a single diagnosis. Cases who had received concurrent vaccines were excluded.
Results
AEFI following JE-L and JE-I
A total of 34,879 AEFI cases associated with JE vaccines were collected by CNAEFIS, 2008-2013; 95.2% (33, 186) cases were related to JE-L. JE vaccines were administered concurrently with one or more other vaccines in 13,592 (39.0%) of cases (39.9% for JE-L and 19.9% for JE-I, respectively). Both for JE-L and JE-I, the most common concurrently administered vaccine was measlescontaining vaccines, with a proportion of 24.8% for JE-L (8226 cases in 33186 JE-L-related cases) and 17.5% for JE-I (297 cases in 1693 JE-I-related cases).
JE-L was listed as the first suspected vaccine in 23,627 (71.2% of the JE-L-associated AEFI cases). JE-I was the first suspected vaccine in 1357 (80.2% of JE-I-associated cases) (p<0.05).
There were more cases in males than in females, with a sex ratio of 1.3:1. More cases occurred in ≤1 years of age, with 66.4% of JE-L and 60.8% of JE-I (Table 1) . Of all 34,879 AEFI cases, 361 (1.0%) AEFI cases were defined as serious. 
Clinical diagnosis of AEFIs
Of the 29,831 non-serious AEFIs, (86.4%) were diagnosed as common and minor adverse reactions, such as fever, local redness, and swelling.
Among serious AEFIs, the most frequently reported clinical diagnosis were febrile convulsion (132, 36.6%), thrombocytopenic purpura (39, 10.8%), encephalitis and meningitis (29, 8 .0%), HenochSchönlein purpura (28, 7.8%), and anaphylactic shock (25, 6.9%). (Table 3) 22 death cases were reported during the study period, only 4 cases were classified as related to vaccination due to anaphylactic shock.
Disproportionality analysis
A total of 20,988 AEFIs with complete information on vaccine and diagnosis were included in the disproportionality analysis. All three methods, PRR, EB, and BCPNN, suggested JE-I and febrile convulsion as the suspected SDRs (Table 3) . For JE-L, there was no diagnosis with disproportionally higher reporting.
Based on the results of Table 4 , using the administered doses from 2010-2013 as the denominator, the estimated reporting rates of febrile convulsion after JE-L (as the only vaccine suspected) and JE-I (as the only vaccine suspected) were calculated: 0.3 per million doses for JE-L and 0.4 per million doses for JE-I (p=0.5).
Discussion
We reviewed reported AEFIs after JE-L and JE-I in CNAEFIS by 3 levels of analysis: a description of the characteristics of AEFIs, disproportionate reporting between JE-L and JE-I and estimated reporting rates. The serious AEFIs only accounted for 1% of all reported AEFIs, and there was also no statistical difference between JE-L and JE-I in the reporting rates of serious AEFI in all 2010-2013.However in 2012, the reporting rates of serious AEFI following JE-L were lower than JE-I. The increasing trend in the reporting rates of AEFI following the immunization of JE-L and JE-I may be related to the improved reporting to CNAEFIS during 2008 to 2013. The increased trends were similar to the reporting rates of all AEFIs during the same period; the reporting rates of all AEFIs in CNAEFIS of China continuously increased from 2010 to 2013 [22] [23] [24] [25] .
In previous CNAEFIS data analysis, only JE vaccines were included in the study [20] [21] [22] [23] . However, in our study, at least one third of AEFIs had other concurrently administered vaccines. In addition, in the ≤1-year group, which was the target group of EPI, an in AEFI for JE-L, more than half the cases were related to JE-L in combination with other vaccines. In these situations, it is difficult to determine the responsible vaccine for some adverse events, such as allergic reactions. Since concurrent vaccination could not be avoided, we included all AEFIs related to JE in the CNAEFIS database.
The gender distribution of JE-L and JE-I AEFIs cases was similar to all other vaccines [22] [23] [24] , as there were more male than female cases. Most reported cases were ≤1 year old, consistent with the China Immunization schedule for EPI vaccines. Most reported AEFIs were relatively mild and selflimiting, with a diagnosis of common and minor adverse reactions, including fever, local redness and swelling, and local induration. Besides the mild and self-limiting adverse reactions, nearly 97% of cases recovered, and only 22 death cases were reported during the study period.
Currently, there are several JE vaccines used in China. About 8 domestic manufacturers in China produce JE-L and JE-I. In the mainland of China, since 1968, JE-I vaccines (Hamster kidney cell inactivated vaccine) were manufactured domestically. The mass vaccination period of JE was after 1989, the year JE-L was developed and manufactured by Chengdu institute of biological products company, and until 2001, the yield of JE-L was more than 200 million doses in all. Following the positive assessment by the WHO of China's vaccine National Regulatory Authority in 2011 [25] and with the development of a vaccine manufactory in China [26] , JE-L was the first vaccine in China to be prequalified by the WHO [27] . Different JE vaccines have been used in other countries. For example, the United States (US) used an inactivated mouse brain-derived JE vaccine (JE-I) for travelers (most of them were adults) from 1992 to 2009. Japan used JE-I for children. Takahashi [4] reviewed the post-marketing surveillance of JE-I from Japan and the US. The total adverse events rate was 2.8 per 100,000 doses in Japan and 15.0 per 100,000 doses in the US. JE-L was widely used in countries in the Western Pacific region and Asia (China, Korea, and India), but very limited data are available on the adverse effects of JE-L in these countries. An analysis of the post-marketing surveillance of JE-L from 2009-2012 by the Chinese National Center for Adverse Drug Reaction (ADR) Monitoring [2] showed that in 6024 AEFIs, only 70 were considered severe. The Global Advisory Committee on Vaccine Safety (GACVS) of the WHO reviewed these data and noted that although there was no evidence of a safety signal, the number of events recorded in the AEFI reporting system was low, given that >70 million doses of the vaccine have been administered [25] .
One of the primary goals of AEFI passive surveillance is to detect vaccine safety signals and generate hypotheses for further studies. Using vaccination doses as a denominator, AEFI incidence rates are calculated. Through a comparison with historic data and published studies, emerging vaccine safety signals are detected. However, since serious AEFIs are very rare, and it is difficult to determine the background incidence rate, in recent decades, researchers on pharmacovigilance have applied data mining methods in the detection of drug adverse events' signals on vaccines [28] . One of the main analysis methods is disproportionality analysis. In the US, PRR [15] [16] , which was also used in the UK Yellow Card Scheme (YCS) (the spontaneous reporting system in the UK), and the Gamma Poisson Shrinkage model (GPS), which was also noted as EB data mining, has been used to screen Vaccine Adverse Events Reporting System (VAERS) data and generate signals, including signals from seasonal influenza vaccines and from newly licensed vaccines [18] [19] [20] . The WHO Uppsala Monitoring Center (UMC) has used a similar data mining method, BCPNN, to detect safety signals [17, 29] . These methods were not used as routine SDR screening in CNAEFIS, but we applied the methods to compare the SDR between JE-L and JE-I as supplementary analysis to evaluate the safety of JE in China. Febrile convulsions are the commonest type of seizure in children occurring in 2-5% of all children, 2-5% of young children in North America and Europe, and 6-9% in Japan [30] [31] . It usually occurs between 3 months and 5 years, with a peak incidence at 18 months [32] , which was also the target age of vaccinations, especially for JE-L and JE-I. Generally, at least 50% of children who present with febrile convulsion will have no identified risk factors [33] . As elevated body temperature is frequently observed following immunization, and febrile seizures are the most common seizure disorder in infants and children, they are the most common type of non-epileptic seizure observed following immunization [33] . The signal of febrile convulsion has been found after measles-mumps-rubella combined vaccine (MMR), diphtheriatetanus-pertussis combined vaccine (DTP), and seasonal influenza vaccine in some countries, such as the US and Australia [34] [35] [36] [37] . However, an increased risk of febrile convulsion after JE has rarely been reported. In a randomized trial with 26 239 subjects, within 30 days follow-up, the incidence proportion of seizure was 0.1%, and fever lasting more than 3 days was 2.7% in the group vaccinated with JE-L. There was no statistically significant difference between vaccinated and unvaccinated groups for seizure or fever lasting more than 3 days [38] . In our study, using the 3 data-mining methods, an SDR: JE-I and febrile convulsion was detected compare with JE-L. This indicated that there was a disproportionality in reports of febrile convulsion after JE-I compared to JE-L. However, when comparing the overall estimated reporting rates of febrile convulsion after both vaccines, there was no significant difference. In addition, febrile seizures after JE were less common than after measles-contained vaccines and varicella vaccines [36] . Therefore, the SDR of JE-I and febrile convulsion should be interpreted with caution.
CNAEFIS, as a national passive surveillance system, has its strengths and limitations. Even if it serves as a useful source for vaccination safety evaluation in China, the findings in CNAEFIS should be interpreted with caution. The natural limitations of passive surveillance include over-and under-reporting, biased reporting, and inconsistency in the quality and completeness of reports among others [37] . Meanwhile, the clinical diagnosis of AEFI cases varied in provinces of China, as we did not have a standard procedure or definition of AEFI diagnosis, and we did not use the standard definitions created by the Brighton Collaboration [39] . In our analysis, since CNAEFIS were case-based reporting system, and vaccination doses were collected based on summarized tables from vaccination clinics, these 2 data resources were not exact matched. There were no information on whether the vaccine used as NIP vaccine or voluntary vaccines in CNAEFIS, and no gender and age information on vaccination doses, all those related incidence could not be estimated using current data.
In conclusion, during the study period of 2008-2013, the majority of AEFIs following JE vaccines were minor and common adverse reactions, and there was no significant difference between the estimated reporting rates of serious AEFI following JE-I and JE-L. For serious AEFIs, more than 97% of cases recovered. We recommend consider further study to discern effects of concurrent vaccination with JE vaccines and take more sensitive methods to detect signals.
